Introduction
============

Human epidermal growth factor receptor 2 (HER2) is a biomarker expressed on cancer cell membranes and is overexpressed in 15--20% of breast cancers ([@b1-mco-0-0-640]--[@b3-mco-0-0-640]). HER2 is a powerful predictive factor for anti-HER2 therapy, as well as a prognostic factor associated with poor clinical outcome ([@b4-mco-0-0-640]--[@b6-mco-0-0-640]). Trastuzumab (Herceptin), the first anti-HER2 agent, improved the clinical outcome of HER2-positive breast cancer when used in the metastatic and adjuvant settings ([@b7-mco-0-0-640]--[@b10-mco-0-0-640]). Lapatinib, a second-generation anti-HER2 agent, is a small molecular agent that acts on the tyrosine kinase domain of HER2. Pertuzumab and trastuzumab emtansine (T-DM1) were developed as new-generation anti-HER2 antibodies and are expected to improve the clinical outcomes of patients with HER2-positive breast cancer. Several ongoing clinical trials on these anti-HER2 agents are conducted to establish the optimal treatment strategy for HER2-positive breast cancer.

Pertuzumab blocks the domain of the HER2 protein associated with dimerization and ligand-dependently inhibits the dimerization between HER2 and other HER family members ([@b11-mco-0-0-640],[@b12-mco-0-0-640]). Inhibition of dimerization blocks the signaling pathway of HER2, which controls the existence and growth of cancer cells ([@b11-mco-0-0-640],[@b13-mco-0-0-640]--[@b15-mco-0-0-640]). Similar to trastuzumab, pertuzumab has the function of antibody-dependent cell-mediated cytotoxity ([@b16-mco-0-0-640]). Furthemore, pertuzumab and trastuzumab complementarily combine different domains (pertuzumab for domain II and trastuzumab for domain IV) of the HER2 protein and strongly inhibit the signaling pathway ([@b13-mco-0-0-640],[@b16-mco-0-0-640]).

In a phase III trial for HER2-positive metastatic breast cancer (CLEOPATRA study), the patients received placebo plus trastuzumab plus docetaxel (control group) or pertuzumab plus trastuzumab plus docetaxel (pertuzumab group) as first-line treatment until disease progression or until the development of toxicities that could not be effectively managed ([@b13-mco-0-0-640]). The findings demonstrated that pertuzumab significantly prolonged progression-free survival (PFS), without increased cardiac toxicity. Therefore, in June, 2012, the US Food and Drug Administration approved the use of pertuzumab in combination with trastuzumab and docetaxel for the treatment of patients with HER2-positive metastatic breast cancer under the condition that they did not receive any prior anti-HER2 therapy. In March, 2013, the European Medicines Agency approved pertuzumab under the same conditions. In Japan, pertuzumab was approved in August, 2013 for patients with HER2-positive metastatic breast cancer, although for reasons different than those indicated by the United States and Europe.

The aim of the present study was to describe the results of pertuzumab-related clinical trials and the specific conditions for using pertuzumab in Japan.

### Phase I trials

#### TOC2297g study

The anti-HER2 mouse monoclonal antibody 2C4 (origin of pertuzumab) was isolated in 1990 at the same time as the isolation of the anti-HER2 mouse monoclonal antibody 4D5 (origin of trastuzumab) ([@b17-mco-0-0-640]). A phase I trial of pertuzumab monotherapy for HER2-positive solid tumors (study ID no. TOC2297g) was conducted in the United States between 2001 and 2003 ([@b18-mco-0-0-640]). Patients with incurable, locally advanced, recurrent or metastatic solid tumors that had progressed during or after standard therapy were recruited to a dose-escalation study of pertuzumab (0.5--15 mg/kg) administered intravenously every 3 weeks. A total of 21 patients (including 3 patients with breast cancer) received pertuzumab and 19 patients completed at least two cycles. The results demonstrated that pertuzumab was well tolerated, had a pharmacokinetic profile supporting 3-week dosing and was clinically active, which indicated that inhibition of dimerization may be an effective antitumor treatment strategy.

#### JO17076 study

A phase I trial including Japanese patients with HER2-positive solid tumors (study ID no. JO17076) was conducted in 2004 ([@b19-mco-0-0-640]). That study evaluated the toxicity, pharmacokinetics and antitumor activity of pertuzumab in Japanese patients with HER2-positive solid tumors. Patients with solid tumors refractory to standard therapy were administered 5, 10, 15, 20 and 25 mg/kg pertuzumab intravenously, once every 3 weeks. A total of 18 patients with solid tumors (including 1 patient with breast cancer) were enrolled and a total of 32 cycles of pertuzumab were administered. The toxicities were generally acceptable. Grade 3 elevation of γ-glutamyl transpeptidase was observed in 1 patient at 25 mg/kg and was considered to be dose-limiting. The maximum tolerated dose level of 25 mg/kg was not reached. The serum concentration of pertuzumab slowly declined (terminal half-life of \~3 weeks). The area under the curve proportionally increased over the dose range tested. There was limited evidence of activity (stable disease, n=2; progressive disease, n=13; and non-evaluable, n=3); however, tumor shrinkage and tumor marker level decrease were observed in 1 patient with ovarian cancer and 1 patient with non-small-cell lung cancer, respectively. Pertuzumab was well tolerated up to 25 mg/kg. Although objective tumor response was not observed, it is worth evaluating as a flat dose and in combination with other cytotoxic or molecular-targeted agents.

### Phase II trials

#### BO17929 study

A phase II trial of pertuzumab and trastuzumab in patients with HER2-positive metastatic breast cancer (study ID no. BO17929) was conducted in the United States in 2006 ([@b20-mco-0-0-640]). That study did not include Japanese patients. The phase II trial was a multicenter, open-label, single-arm, Simon two-stage study assessing the efficacy and safety profile of this combination in patients with HER2-positive breast cancer whose disease had progressed during prior trastuzumab-based therapy. The patients received trastuzumab weekly or every 3 weeks, and pertuzumab every 3 weeks. All 66 patients were assessable for efficacy and safety. The objective response rate was 24.2% and the clinical benefit rate was 50%. A total of 5 patients (7.6%) achieved a complete response, 11 patients (16.7%) achieved a partial response and 17 patients (25.8%) had stable disease. The median PFS was 5.5 months. The combination of pertuzumab and trastuzumab was well tolerated, and the adverse events were mild to moderate. Cardiac toxicity was minimal, and no patients withdrew as a result of cardiac-related adverse events. Therefore, the combination of pertuzumab and trastuzumab was effective and well tolerated in patients with HER2-positive metastatic breast cancer who experienced progression during prior trastuzumab-based therapy.

### Phase III trials

#### CLEOPATRA study

A phase III trial (the Clinical Evaluation of Pertuzumab and Trastuzumab; CLEOPATRA study) was conducted for HER2-positive metastatic breast cancer as first-line treatment ([Table I](#tI-mco-0-0-640){ref-type="table"}) ([@b13-mco-0-0-640]). In that study, 808 patients with HER2-positive metastatic breast cancer were randomly assigned to receive placebo plus trastuzumab plus docetaxel (control group) or pertuzumab plus trastuzumab plus docetaxel (pertuzumab group) until disease progression or until the development of toxic effects that could not be effectively managed. The median PFS was 12.4 months in the control group and 18.5 months in the pertuzumab group \[hazard ratio (HR) for progression or death = 0.62; 95% confidence interval (CI): 0.51--0.75; P\<0.001\]. The interim analysis of overall survival (OS) exhibited a strong trend in favor of pertuzumab plus trastuzumab plus docetaxel. The safety profile was generally similar between the two groups, without an increase in left ventricular systolic dysfunction. In addition, in the final assessment at 30 months of the median follow-up of the CLEOPATRA study, the median OS was 37.6 months in the control group, but had not been reached in the pertuzumab group (HR=0.66, 95% CI: 0.52--0.84; P=0.0008) ([@b21-mco-0-0-640]). The adverse events were similar to those reported at the primary analysis in terms of frequency, severity and specificity. Overall, these findings revealed a significant improvement in OS with pertuzumab, trastuzumab, and docetaxel in patients with HER2-positive metastatic breast cancer compared with the control group (placebo, trastuzumab and docetaxel). Furthermore, the biomarker analyses in the CLEOPATRA study revealed that HER2 was the only marker suitable for patient selection for the trastuzumab plus pertuzumab-based regimen in HER2-positive metastatic breast cancer, and that HER2, HER3 and PIK3CA were relevant prognostic factors ([@b22-mco-0-0-640]).

Moreover, the results demonstrated that Asian patients exhibited a lower tolerability of docetaxel, despite the fact that the survival benefits were comparable between regions ([@b23-mco-0-0-640]). Docetaxel dose reductions to \<75 mg/m^2^ were more common in Asian patients compared with patients from other regions, and docetaxel dose escalations to 100 mg/m^2^ were less frequent in Asian patients compared with patients from other regions. The incidence rates of edema, myalgia, nail disorders, febrile neutropenia, upper respiratory tract infections, decreased appetite and skin rash, were at least twice as high in Asian patients compared with patients from other regions. However, the adverse events did not result in a reduction in the median number of study treatment cycles administered to Asian patients. Efficacy analyses per region revealed HRs similar to those of the whole intention-to-treat population for PFS and OS.

A total of 53 Japanese patients were enrolled in the CLEOPATRA study. A subgroup analysis of these 53 patients was performed (not intended) to meet the requirement of the Japanese Pharmaceutical and Medical Devices Agency (PMDA) for drug approval in Japan. However, the superiority of pertuzumab was not verified in terms of the PFS and OS of Japanese patients ([@b24-mco-0-0-640]). The reason for the discrepancy in the clinical outcome among regions is unclear. One possible explanation may be that the baseline characteristics of the Japanese patients between the pertuzumab group and the control group were not well-balanced due to the limited number of the subgroup patients. The pertuzumab group included more patients with visceral diseases or with HER2 (2^+^) among the Japanese patients of the CLEOPATRA study (data not shown). Therefore, an additional postmarketing clinical study was planned to confirm the efficacy and safety of pertuzumab combined with trastuzumab and docetaxel as first-line treatment in Japanese patients with HER2-positive inoperable or recurrent breast cancer (details described below) ([@b24-mco-0-0-640]).

### Neoadjuvant setting

#### NEOSPHERE study

The neoadjuvant study of pertuzumab and trastuzumab in an early regimen evaluation (NEOSPHERE) is a randomised, multicenter, international phase II study that was conducted on 417 patients with newly diagnosed HER2-positive, locally advanced, inflammatory or early-stage breast cancer ([@b25-mco-0-0-640]). Japanese patients were not enrolled in that study. The participants were randomly assigned to four study arms and received 4 cycles (12 weeks) of neoadjuvant treatment: Trastuzumab (8 mg/kg loading dose, followed by 6 mg/kg every 3 weeks) plus docetaxel (75 mg/m^2^, escalating, if tolerated, to 100 mg/m^2^ every 3 weeks) (group A); pertuzumab (loading dose 840 mg, followed by 420 mg every 3 weeks) and trastuzumab plus docetaxel (group B); pertuzumab and trastuzumab (group C); and pertuzumab plus docetaxel (group D). The primary endpoint was pathological complete response. The secondary endpoints included clinical response, time-to-clinical response, safety profile, disease-free survival (DFS), breast-conserving surgery rate and biomarker assessment. The results of the study demonstrated that group B exhibited a significant improvement in the pathological complete response rate compared with the patients administered trastuzumab plus docetaxel (no significant differences in tolerability). The tumors in a proportion of the women in group C were eradicated, with a favorable safety profile.

#### TRYPHAENA study

The tolerability of pertuzumab, trastuzumab and anthracyclines in neoadjuvant breast cancer treatment (TRYPHAENA) is a randomized, multicenter phase II study that was conducted on 225 patients with HER2-positive, locally advanced, inflammatory, or early-stage breast cancer, with tumors sized \>2 cm ([@b26-mco-0-0-640]). Japanese patients were not enrolled in that study. The patients were randomly assigned to one of three neoadjuvant pertuzumab regimens: Arm A (3 cycles of 5-fluorouracil, epirubicin and cyclophosphamide plus trastuzumab plus pertuzumab, followed by 3 cycles of docetaxel plus trastuzumab plus pertuzumab); Arm B (3 cycles of 5-fluorouracil, epirubicin and cyclophosphamide, followed by 3 cycles of docetaxel plus trastuzumab plus pertuzumab); and Arm C (6 cycles of docetaxel plus carboplatin plus trastuzumab plus pertuzumab). The primary endpoint was cardiac safety. The secondary endpoints included pathological complete response, clinical response, breast-conserving surgery rate, DFS, PFS, OS and biomarker assessment. The results of the study were as follows: The rates of total pathological complete response in the three arms were 56.2 (Arm A), 54.7 (Arm B) and 63.6% (Arm C). Moreover, no new or unexpected cardiac or other adverse events were observed in any of the study arms. The adverse events observed were consistent with those reported in previous studies of pertuzumab, trastuzumab and chemotherapy, either in combination or alone.

### Ongoing trials (metastatic setting)

#### MARIANNE study

T-DM1 plus pertuzumab/pertuzumab-placebo vs. trastuzumab plus a taxane in patients with metastatic breast cancer (MARIANNE, NCT01120184) is a randomized, three-arm, multicenter, phase III study conducted to evaluate the efficacy and safety of T-DM1 with pertuzumab or T-DM1 with pertuzumab-placebo (blinded for pertuzumab) vs. the combination of trastuzumab plus a taxane (docetaxel or paclitaxel) in patients with HER2-positive progressive or recurrent locally advanced or previously untreated metastatic breast cancer ([Table I](#tI-mco-0-0-640){ref-type="table"}) ([@b27-mco-0-0-640]). The primary endpoints were PFS based on tumor assessments performed by an independent review facility, and the incidence of adverse events. Japanese patients were enrolled in this study.

F. Hoffmann-La Roche Ltd. (Basel, Switzerland) announced the first results of the MARIANNE study in a press release on the internet on December 19, 2014 ([@b28-mco-0-0-640]). The three study arms exhibited similar PFS and the study did not meet the PFS superiority endpoint for T-DM1-containing regimens.

#### PERUSE study

Pertuzumab in combination with trastuzumab and a taxane as first-line treatment in patients with HER2-positive advanced breast cancer (PERUSE study ID no. NCT01572038) is a multicenter, open-label, single-arm phase IIIb study conducted to evaluate the safety and tolerability of pertuzumab in combination with trastuzumab and a taxane as first-line treatment in patients with metastatic or locally recurrent HER2-positive breast cancer ([@b29-mco-0-0-640]). The patients are scheduled to receive pertuzumab and trastuzumab plus a taxane every 3 weeks. The taxanes are selected among docetaxel, paclitaxel, or nab-paclitaxel. The anticipated time of study treatment is until disease progression or until the occurrence of unacceptable toxicity. This study is currently recruiting participants.

#### VELVET study

Pertuzumab in combination with trastuzumab and vinorelbine as first-line treatment in patients with metastatic or locally advanced HER2-positive breast cancer (VELVET study ID no. NCT01565083) is a two-cohort, open-label, multicenter, phase II study conducted to assess the safety and efficacy of pertuzumab administered in combination with trastuzumab and vinorelbine as first-line treatment in patients with metastatic or locally advanced HER2-positive breast cancer ([@b30-mco-0-0-640]). The patients are scheduled to receive 840 mg of pertuzumab and 8 mg/kg of trastuzumab administered sequentially as separate intravenous infusions on day 1 and 2, respectively (cycle 1). From cycle 2 onwards, the patients will receive 420 mg of pertuzumab and 6 mg/kg of trastuzumab, administered either sequentially as separate intravenous infusions on day 1 and day 1 or 2, respectively (cohort 1), or together in one infusion bag on day 1 (cohort 2) every 3 weeks. Vinorelbine will be administered at 25 mg/m^2^ on days 2 and 9 of cycle 1, and at 30--35 mg/m^2^ on days 1 and 8 (or days 2 and 9) of each following 3-week cycle. The anticipated time of study treatment is until disease progression, until the occurrence of unacceptable toxicity, or until withdrawal of consent or death. The primary endpoint is overall response rates assessed by the investigator. This study is currently recruiting participants.

#### PHEREXA study

Combination of trastuzumab and capecitabine with or without pertuzumab in patients with HER2-positive metastatic breast cancer (PHEREXA study ID no. NCT01026142) is a randomized, open-label, two-arm, phase III study conducted to evaluate the efficacy and safety of a combination of trastuzumab and capecitabine, with or without pertuzumab, in patients with HER2-positive metastatic breast cancer ([Table I](#tI-mco-0-0-640){ref-type="table"}) ([@b31-mco-0-0-640]). Eligibility requires progression during or following previous trastuzumab therapy for metastatic disease. The study treatment is to continue until disease progression or until the occurrence of unacceptable toxicity. The primary endpoint is PFS (independent assessment). This study is ongoing, but is not recruiting participants. Japanese patients were not enrolled in this study.

#### PERTAIN study

Pertuzumab in combination with trastuzumab plus an aromatase inhibitor in patients with hormone receptor-positive HER2-positive metastatic breast cancer (PERTAIN study ID no. NCT01491737) is a randomized, open-label, two-arm, multicenter, phase II study conducted to evaluate the efficacy and safety of pertuzumab in combination with trastuzumab plus an aromatase inhibitor in the first-line treatment of patients with HER2-positive and hormone receptor-positive advanced breast cancer ([@b32-mco-0-0-640]). The patients will be randomized to one of two treatment arms: Pertuzumab plus trastuzumab plus aromatase inhibitor (Arm 1); or trastuzumab plus aromatase inhibitor (Arm 2). The patients may also receive induction chemotherapy (a taxane, either docetaxel or paclitaxel) at the investigator\'s discretion. The anticipated time of the study treatment is until disease progression or until occurrence of unacceptable toxicity. The primary endpoint is PFS. This study is currently recruiting participants.

#### JBCRG-M03 study

Eribulin in combination with trastuzumab and pertuzumab for advanced or recurrent HER2-positive breast cancer (JBCRG-M03 and UMIN000012232) is a multicenter, single-arm, phase II trial conducted in Japan to evaluate the usefulness of eribulin in combination with trastuzumab and pertuzumab as first- or second-line therapy for patients with advanced or recurrent HER2-positive breast cancer ([Table II](#tII-mco-0-0-640){ref-type="table"}) ([@b33-mco-0-0-640]). The first endpoint is PFS and the secondary endpoints are response rate, safety, OS, efficacy following prior use of pertuzumab, compliance to eribulin and the efficacy of later therapy. This study is currently recruiting participants ([@b33-mco-0-0-640]).

#### COMACHI study

Chugai Pharmaceutical Co., Ltd. (Kamakura, Japan) designed an additional postmarketing clinical study to confirm the superiority of the efficacy of pertuzumab combined with trastuzumab and docetaxel compared with the control group of the CLEOPATRA study (Combination of Monoclonal Antibodies for Comprehensive HER2 dimerization Inhibition; COMACHI study ID no. JO29186) ([Table II](#tII-mco-0-0-640){ref-type="table"}) ([@b34-mco-0-0-640]). This study is a multicenter, single-arm trial. The eligibility and exclusion criteria for this study were almost identical to those for the CLEOPATRA study ([@b20-mco-0-0-640]). The primary endpoint is PFS and the secondary endpoints are OS, objective response rate, duration of objective response and safety. The target sample size of this study is 130 patients. This study is currently recruiting participants. The duration of recruitment for this trial is from November, 2013 to October, 2015.

### Ongoing trials (adjuvant setting)

#### APHINITY study

Pertuzumab in addition to chemotherapy and trastuzumab as adjuvant therapy in patients with HER2-positive primary breast cancer (APHINITY study ID no. NCT01358877) is a randomized, double-blind, placebo-controlled, two-arm, phase III study conducted to assess the safety and efficacy of pertuzumab in addition to chemotherapy plus trastuzumab as adjuvant therapy in patients with operable HER2-positive primary breast cancer ([Table I](#tI-mco-0-0-640){ref-type="table"}) ([@b35-mco-0-0-640]). The patients will be postoperatively randomized to receive either pertuzumab or a placebo every 3 weeks for 1 year, in addition to 6--8 cycles of chemotherapy and 1 year of trastuzumab administered every 3 weeks. The anticipated time of the study treatment is 52 weeks. The primary endpoint is invasive DFS (IDFS). This study is ongoing, but is not recruiting participants. Japanese patients were enrolled in this study.

#### KAITLIN study

T-DM1 (Kadcyla) plus pertuzumab (Perjeta) following anthracyclines in comparison with trastuzumab plus pertuzumab and a taxane following anthracyclines as adjuvant therapy in patients with operable HER2-positive primary breast cancer (KAITLIN study ID no. NCT01966471) is a two-arm, randomized, open-label, multicenter, phase III study conducted to evaluate the efficacy and safety of T-DM1 in combination with pertuzumab vs. trastuzumab in combination with pertuzumab and a taxane as adjuvant therapy in patients with HER2-positive primary invasive breast cancer ([Table I](#tI-mco-0-0-640){ref-type="table"}) ([@b36-mco-0-0-640]). Following surgery and anthracycline-based chemotherapy, the patients will receive either 3.6 mg/kg of T-DM1 and 420 mg of pertuzumab every 3 weeks or 6 mg/kg of trastuzumab every 3 weeks in combination with pertuzumab and a taxane. The anticipated time of HER2-targeted study treatment is ≤1 year. The primary endpoint is IDFS, which is defined as the time from randomization to occurrence of ipsilateral breast cancer recurrence, second primary invasive breast cancer, distant recurrence, or death by any cause. The secondary endpoints are IDFS plus second primary non-breast cancer, excluding non-melanoma skin cancers and carcinoma *in situ* of any site, DFS (time between randomization and first occurrence of IDFS, second primary non-breast cancer and contralateral or ipsilateral ductal carcinoma *in situ*), distant recurrence-free interval (time between randomization and first occurrence of distant breast cancer recurrence), OS and incidence of adverse events. This study is currently recruiting participants. Japanese patients were enrolled in this study.

#### Special status in Japan

The unique circumstances related to pertuzumab treatment in Japan differ from those in other countries. First, the PMDA allowed the use of pertuzumab not only as first-line, but also as second- or later-line treatment for patients with HER2-positive metastatic breast cancer. Moreover, Japanese physicians may use pertuzumab for patients who previously received trastuzumab treatment in a metastatic setting. Therefore, the market penetration of pertuzumab in Japan may be quicker compared with that in other countries.

Second, the PMDA did not limit the chemotherapeutic agents to be administered with pertuzumab and trastuzumab. The Japanese package insert states that the results of the CLEOPATRA study should be referred to when the chemotherapeutic agents are selected. Japanese physicians may use chemotherapeutic agents other than docetaxel (i.e., paclitaxel or eriburin) in clinical practice. As mentioned above, the study of eribulin in combination with trastuzumab and pertuzumab for advanced or recurrent HER2-positive breast cancer (JBCRG-M03 study) has been initiated at several institutions in Japan.

Finally, the approval of T-DM1 in September 2013, immediately following the approval of pertuzumab by the PMDA, disrupted the treatment of patients with HER2-positive metastatic breast cancer in Japan. Similar to pertuzumab, the PMDA allowed the use of T-DM1 for all-line treatment of patients with HER2-positive metastatic breast cancer, although the Japanese T-DM1 package insert indicated that T-DM1 should be used for patients who previously received trastuzumab and taxane, based on the results of the EMILIA study ([@b37-mco-0-0-640]). The majority of Japanese physicians tend to select pertuzumab-based regimens as first-line treatment followed by T-DM1, according to several guidelines; however, the reverse sequence of administration of pertuzumab regimens and T-DM1 is not prohibited. Furthermore, the appropriate sequence of HER2-directed therapy, including lapatinib regimens, trastuzumab regimens and T-DM1 for patients who had prior trastuzumab-based therapies, remains unclear.

In conclusion, we reviewed certain clinical trials on pertuzumab and outlined the special characteristics of pertuzumab use in Japan. Pertuzumab and T-DM1 may be used in Japan for patients with HER2-positive metastatic breast cancer irrespective of the treatment history, and chemotherapeutic agents other than docetaxel may be selected to be combined with pertuzumab. This may be beneficial for Japanese patients; however, without clear evidence of the efficacy of pertuzumab, there may be some confusion in the treatment strategy of HER2-positive metastatic breast cancer. Hereafter, new treatment strategies must be developed for HER2-positive breast cancer patients through clinical trials or through comprehensive data collection in clinical practice in Japan.

###### 

Phase III studies on pertuzumab.

  Study name   Treatment setting   Study arms               Enrollment no.       Outcome
  ------------ ------------------- ------------------------ -------------------- ---------------------------------------------------------
  CLEOPATRA    Metastatic          Placebo+T+DTX            404                  PFS, 12.4 months
                                   P+T+DTX                  402                  PFS, 18.5 months
  MARIANNE     Metastatic          T+DTX or PTX             1,095                NS
                                   Placebo+T-DM1            (total, estimated)   
                                   P+T-DM1                                       
  PERUSE       Metastatic          P+T+taxane               1,500                Recruiting^[a](#tfn1-mco-0-0-640){ref-type="table-fn"}^
                                                            (total, estimated)   
  PHEREXA      Metastatic          T+X                      452                  Awaiting^[b](#tfn2-mco-0-0-640){ref-type="table-fn"}^
                                   P+T+X                    (total, estimated)   
  APHINITY     Adjuvant            Placebo+T+chemotherapy   4,808                Awaiting^[b](#tfn2-mco-0-0-640){ref-type="table-fn"}^
                                   P+T+chemotherapy         (total, estimated)   
  KAITLIN      Adjuvant            A→P+T+taxane             2,500                Recruiting^[a](#tfn1-mco-0-0-640){ref-type="table-fn"}^
                                   A→P+T-DM1                (total, estimated)   

The study is recruiting participants

The study is ongoing but not recruiting participants. P, pertuzumab; T, trastuzumab; DTX, docetaxel; PTX, paclitaxel; X, capecitabine; T-DM1, trastuzumab emtansine; A, anthracycline-based chemotherapy; NS, no significant difference (only in a press release); PFS, progression-free survival.

###### 

Clinical studies of pertuzumab in Japan.

  Study name   Treatment setting                  Study phase   Study arms     Enrollment no.           Outcome
  ------------ ---------------------------------- ------------- -------------- ------------------------ ---------------------------------------------------------
  JO17076      Metastatic                         I             P              18 (1 breast cancer)     Tolerated up to 25 mg/kg
  JBCRG-M03    Metastatic, first-or second-line   II            Eribulin+T+P   48 (total, estimated)    Recruiting^[a](#tfn3-mco-0-0-640){ref-type="table-fn"}^
  COMACHI      Metastatic, first-line             IV            P+T+DTX        130 (total, estimated)   Recruiting^[a](#tfn3-mco-0-0-640){ref-type="table-fn"}^

The study is recruiting participants. P, pertuzumab; T, trastuzumab; DTX, docetaxel.
